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[57] ABSTRACT

A traveling wave tube has a helical delay line which 1s
supported by a plurality of dielectric support rods ex-
tending along the delay line. The delay line and support
rods are housed within a metallic sleeve which has an
enlarged diameter in the area of each end of the delay
line. In this area at each end of the delay line a respec-
tive coupling conductor is connected to the delay line
for supplying and discharging HF energy. In order to
achieve a low reflection transition between the surge
impedance of the delay line and that of the coupling
conductor, in the region of at least one of the two ends
of the delay line, a metallic matching component 1s
provided which is peferably spot welded to a surface
formed at the diameter enlargement, the matching
component including an arm which is spot welded to
that surface and projections extending from the arm
radially inwardly between adjacent support rods and in
close proximity to the delay line. The end surfaces of
the projections which face the delay line are darkened
to absorb heat radiated by the delay line and discharge
the same toward the exterior of the traveling wave

tube.

25 Claims, 2 Drawing Figures
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TRAVELING WAVE TUBE HAVING A HELIX
-  DELAY LINE

BACKGROUND OF THE INVENTION

[. Field of the Invention |
The present invention relates to a traveling wave tube

having a delay line in the form of a helix which i1s sup- -

ported within a metallic sleeve by a plurality of dielec-
tric support rods which extend along the delay line, the
delay line being connected at each end thereof to a
respective HF energy supply conductor and discharge

-conductor, and more particularly to such a delay lIine in
" which a matchmg component is provided in the region

of at least one of the ends of the delay line and extend-
.. Ing in close proximity to the delay line to achieve a low

" reflection transition between the surge impedance of
the delay line and the respective coupling conductor.
2. Description of the Prior Art

In traveling wave tubes, the surge impedances of the

interaction section, on the one hand, and of the cou-.

pling conductors (generally rectangular wave guides or
~ coaxial lines), on the other hand, differ from each other

and in such a manner that it is usually necessary to take
special, impedance-transforming measures in order to
reduce the reflection factors of wide-band traveling
wave tubes to a viable degree. If the delay line consists
of a helix, for purposes of impedance matching, fre-
quently metal rings (A/4 transformers) having a length
which amounts to. approximately one quarter of the
average line wave length are placed over the ends of
the helix. If transition elements of this kind are to sup-
ply favorable matching values, they result in assembly
problems and also in production problems as in a nar-
‘row space they collide with the support rods, cannot
easily be secured, and in practice must frequenty be
provided with oblique or curved inner surfaces in an
- ‘additional operatlon For this reason, it has already
-~ been disclosed in U.S. Pat. No. 3,729, 644 that for im-
pedance transformation the turns of the helix should
simply be conductively shunted by a soldered-off longi-
- tudinal rod in the region of the coupling conductor.
This type of line loading should be comparatively sim-
pler to apply, at least in the case of helical structures of
large dimension, but the same is not particularly effec-

-twe in the case of wide band structures.

SUMMARY OF THE INVENTION

It is the primary object of the invention to provide a
traveling wave tube having a helical delay line which is
matched to the coupling conductors with low reflection
and on a wide-band basis wherein matching 1s accom-
plished with a simple structure and at low expense,

both in materials and production.
In order to eliminate the above-mentioned difficul-

ties, and in particular in order to provide a traveling
wave tube whose helical delay line, preferably a simple
coil, is matched to the coupling conductors, as outlined
above as the objective of the invention, the present
invention provides a matchmg component in the form
of an arm having projections extending therefrom, the
arm being fixed to an internal end surface of the metal-

~lic sleeve of the traveling wave tube and the projections

extending between adjacent support rods and in close
proximity to the delay line.

The matching component provided in accordance
with the present invention can be applied with ease,
and can be fixed, for example, by simple spot welding.
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The special form of the matching component does not
obstruct the delay line support, and when provided
with simple dimensions can even be used as a stop
means for the support rods, thus obviating the need for
such structure as is conventionally required. Experi-

ments have also proved that the proposed matching
component design can actually supply matching values
which are satisfactory even over large frequency
ranges, such as e.g. an octave.

A matching component developed in accordance
with the present invention has a favorable influence not
only on the reflection factor, but also on the other tube
parameters. On the one hand, in the adjacent line por-
tion the matching component increases the degree of
delay of the line wave, and thus it increases a conver-
sion efficiency of the tube in the form of a velocity
taper. On the other hand, the solid matching compo-
nent, in particular when its surfaces which face toward
the delay line are darkened, can discharge the heat loss
which is developed in the line output and is radiated, to
the sleeve on wide, short heat conduction paths, and
thus reduce the danger of fading (gradual reduction in
the tube output power during operation because of the
heating of the delay line).

Particularly favorable transformation conditions are
achieved if the coupling conductor is a coaxial line and
the delay line is galvanically coupled to this line, where
the delay line is electrically conductively connected to
the inner conductor and the matching component is
electrically conductively connected to the outer con-
ductor of the coaxial line. The best matching values are
obtained if the outermost line period (helical turn) is
not surrounded by the matching component. The over-

‘all transition then acts as a two-stage transformer ele-

ment - which converts the higher surge impedance of the
delay line in stepped fashion into the lower surge im-
pedance of the coupling conductor. The first stage is
formed by the matching component, and the second
stage is formed by the outermost line period together
with the electrical connection to the coaxial inner con-

ductor.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the inven-
tion, its organization, construction and operation will
be best understood from the following detailed descrip-
tion taken in conjunction with the accompanying draw-
ings, on which:

FIG. 1 is a longitudinal view, shown partially in sec-

tion, of an exemplary embodiment of the traveling
wave tube constructed in accordance with the present

invention; and
FIG. 2 is a sectional view of the embodlment of the

invention illustrated in FIG. 1 and taken substantlally

along the line 1I—II.
Those components of a traveling wave tube which

are not essential for the understanding of the invention,
for example the magnet system which serves to guide

. the electron beam, cooling devices or electrical supply
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lines have been omitted for the sake of clarity, the same
being well understood by those in the art of traveling

wave tubes.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The traveling wave tube illustrated in FIGS. 1 and 2
comprises an electron beam generating component 1, a
central interaction component 2 and an electron beam
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collector component 3. The electron beam generating
component 1 contains an electron beam. generating
system 4, shown only schematically in FIG. 1, the elec-
tron beam collector component 3 contains a collector
6, also only generally illustrated in FIG. 1, and the
central component 2 contains a delay line 11, which 1s
supported by three support rods 7, 8 and 9, and in the
present case comprises a helix. The central component
2 also includes a guide tube 12 which serves as a vac-
uum sleeve and surrounds the support rods 7, 8 and 9
and the helix 11. At the input and at the output of the
helix 11, respective coaxial lines are provided, a coaxial
line 13 for supplying HF energy and a coaxial line 14
for discharging the HF energy. The coaxial lines are
inserted in a vacuum-tight fashion into the vacuum

bydenum has been selected for the matching compo-

" nent 22, whose thermal expansion coefficient is not to

10

15

sleeve 12. Each of these coaxial lines is likewise sealed

in a vacuum-tight fashion by a wave-transmissive win-
dow 15, and each terminates in a connection flange 16
and comprises an outer conductor 17 and an inner
conductor 18. The coaxial inner conductors 18 are
each electrically conductively connected by way of two
connection hnes 19,20 to respective ends of the helix
11. |

In the regions of the ends of the hellx 11, the inner
diameter of the vacuum sleeve 12 1is stepped to a
greater diameter than the central portion of the travel-
~ ing ‘wave tube, the structure providing a surface 21
which extends at right angles to the longitudinal axis of
the tube (line axis 10), and which supports the sleeve
matching. component which is provided in accordance
with the invention and which is referenced 22.

The matching component 22 comprises an arm 23,
which arm: abuts against the sleeve surface 21 in an
internal:flush relationship, and a pair of projections 24
which, beginning from the arm 23, extend toward the
helix 11. As can be seen in FIG. 1, in the direction of
the line axis 10, the arm 23 is very much narrower than
the projections 24; the arm is to be as thin as possible
to enable the same to be spot welded with the least
possible energy consumption and low heat develop-

ment.
It is advisable to select a range of between approx:-

mately 0.1 and 0.3 A, for the effective length [ of the
matching component, thus the length of the projections
“measured in the direction of the line axis, where A,
signifies the shortened wave length on the helix 11. The
radical distance s of the projections 24 from the coil 11
is here to amount between 0.02 and 0.15 A,. Indepen-

dently of this, however, it is always advantageous if, as

illustrated, the particular outer turns of the helix are

not surrounded by the matching component 22. A

matching component dimensioned and positioned in
this manner was able to reduce the reflection factor of
a traveling wave amplifier over an octave from, on the

average, 30% easily to approximately 10%.
The projections 24 of the matching component 22

which extend between the support rods 7, 8 and 8, 9
are dimensioned peripherally in such a manner that
they contact all three support rods and thus firmly
maintain the support rod 8 and provide a stop surface
for the other two support rods 7 and 9. The projection
surfaces which face toward the helix 11 are preferably
darkened in order to enable the radiation heat emitted
by the helix 11 during operation to be absorbed and
discharged toward the exterior of the travelmg wave
tube.

In the present case a non—magnetlc material such as
constantan, or constantin (Cu 60%, Ni 40%) or mol-
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differ too greatly from that of the vacuum sleeve 12,
and is also to deform the magnetic guidance field to the
least extent possible. Here, the vacuum sleeve consists

of steel V,,, the support rods consist of Al;O; and the

helix consists of molbydenum. If one permits dimen-

sioning tolerances for the helix length, or, more gener- .

ally, for the difference between the helix length and the.

distance between the sleeve end faces, these diver-
gences can be compensated in dependence upon the
particular circumstances by selecting a suitable match-
ing component from a set of samples of various lengths.

The invention is not limited to the exemplary em-
bodiment illustrated on the drawings. Therefore, it is
no way necessary to select a galvanically coupled coax-
ial line, or always to equip both line junctions with the
matching component designed in accordance with the
invention. In addition, the traveling wave tube can also
contain another delay line, for example a ring-and bar-
line, and the delay line can also be supported by more
than three support rods. Here, the number of projec-
tions of the matching component is not strictly core-
lated with the number of support rods.

In addition to those changes and modifications set
forth above, other changes and modifications of the
invention may become apparent to those skilled in the
art without departing from the spirit and scope of the
invention. I therefore intend to include within the pa-
tent warranted hereon all such changes and modifica-
tions as may reasonably and properly be included
within the scope of my contribution to the art.

I claim:

1. In a traveling wave tube of the type having a helical
delay line supported by a plurality of dielectric rods
within a metallic sleeve and having coupling conduc-
tors connected to respective ends of the delay line to
supply and discharge HF energy, respectively, the im-
provement therein comprising:

- means for providing a low reflection transition be-
tween the delay line and at least one of the cou-
pling conductors, including, in the area of at least
one of the ends of the delay line, a metallic match-
ing component comprising an arm connected to
the metallic sleeve and projections extending from
said arm and extending between the support rods
and in close proximity to the delay line, said pro_]ec-'
tions spaced a distance s from the delay line in
accordance with the range relationship

002 A, <s<0.154,

and eatending a distance / in the direction of the
axis of the delay line in accordance with the range
relationship |

0 A, <1< 0.3,

where JL is the short wave length of the delay line.
2, The lmproved traveling wave tube according to

claim 1, wherein each of said projections includes a

65

darkened end surface adjacent the delay line to absorb

heat radiated from the delay line. |
3. The improved traveling wave tube according to
claim 1, wherein said arm is narrower in the direction

“of the longitudinal axis of the delay line than said pro-

jections.
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4. The improved traveling wave tube according to

“claim 1, wherein said arm is arcuate and extends about
~ the delay line less than 360“ B Lo Y A
8, In an improved trave]mg wave tube aceordmg to
claim 1, the further improvement wherein;
the metallic sleeve includes a portion of increased
diameter in the area of-said one end of the delay
line defining a surface normal to the longltudma]
axis of the delay line,.and '
said arm 1s fixed to sald surface.. I
6. In an improved travelmg wave tube according to
claim 5, the improvement is further defined wherein
- said arm includes a surface parallel to and abutting
said surface which is defined by said increased
diameter portion, and | o
sald arm is spot welded to the latter- mentnoned sur-

face of the metallic sleeve.

7. The mmproved traveling wave tube according to
claim 1, wherein each of said projections extend be-
tween and contact adjacent ones of the support rods.

8. A traveling wave tube comprising:

a metallic sleeve including a first portion of a first
inner diameter, at least one second portion of a
greater second diameter and a surface at the junc-
tion of said first and second portions;

a electron beam generator in one end of said sleeve
and an electron beam collector in the other end of
said sleeve; |

a delay line extending through said first portion;

input and output coupling conductors coupled to
respective ends of said delay line for supplying and
discharging HF energy; and

at least one metallic matching component in said
second portion of said sleeve for matching the
surge impedances of said delay line and the respec-
tive coupling conductor coupled to that end of said
delay line, said component comprising an arm se-
cured to said surface and projections extending
toward and in close proximity to said delay line,
sald projections extending radially inwardly to a
point in the range of 0.02-0.15 A, from the delay
line and in the axial direction of said delay line a
distance in the range of 0.1-0.3 A, where A, 1s the
shortened wave length on said delay line.

9. The traveling wave tube of claim 8, wherein said
projections extend a greater distance along the axial
direction of said delay line than said arm.

10. The traveling wave tube of claim 8, wherein each
of said coupling conductors comprises

a coaxial line having an inner conductor and an outer
conductor said inner conductor electrically con-
nected to the respective end of said delay line and
said outer conductor electrically connected to said
matching component via said sleeve. |

11. The traveling wave tube of claim 8, wherein

said delay line is a helix, and

said matching component is arcuate shaped and par-
tially surrounds the outermost turn of said delay
line helix.

12, The traveling wave tube of claim 8, comprising:

spot weld connections securing said arm of said
matching component to said surface.

13. The traveling wave tube of claim 8, wherein said
delay line generates heat and said projections each
COMPrise: | |

a darkened end surface facing said delay line to ab-
sorb heat radiated by said delay line.
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6 |
14. The traveling wave tube of claim 8, wherein said
delay line comprises:

- a helix having one end electrically connected to one

of said coupling conductors and the otheér end elec-

 trically connected to the other of said couplmg
conductors; and
a plurality of dielectric support rods spaced about,
-extending along and supporting said helix, said
‘projections - extending between ad]acent support
rods. |
15. The traveling wave tube of claim 14 wherein
each of said projections contacts each of sald support
rods which are adjacent thereto.

'16. The traveling wave tube of claim 14 wherein
said support rods are spaced at 120° about said helix,

said coupling conductors extend radially outwardly
of said sleeve at approximately 180° of one of said
support rods, and |

saild one support rod is contacted and extends be-
tween two of said projections.

17. A traveling wave tube comprising:

a metallic sleeve including a first portion of a first
inner diameter, second and third portions each
having a greater second inner diameter at opposite
ends of said first portion, and first and second sur-
faces at the respective junctions of said first and
second portions and said first and third portions,
said surfaces extending perpendicular to the longi-
tudinal axis of said sleeve;

an electron beam generator in said second portion

~and an electron beam collector in said third por-
tion;

a coaxial input coupling for coupling in HF energy,

“including an inner conductor, and including an
outer conductor electncally connected to said
sleeve at said second portion; o

a coaxial output couplmg for coupling out HF en-
ergy, including an inner conductor, and including
an outer conductor electrically conne'cted to said
sleeve and said third portion,;

a helical delay hine extending through said first por-
tion and having opposite ends extending into said
second and third portions, repectively, said ends
electrically connected to respective inner conduc-
tors of said coaxial input and output couplings;

a plurality of dielectric support rods spaced about to
support and extend along said helical delay line;
and |

a pair of metallic matching components at respective
ends of said delay line for matching the surge im-
pedance of said couplings and said delay line, each
of said matching components comprising

an arm electrically connected and mechanically fixed
to a respective one of said first and second sur-

faces, and
projections extending from sald arm between adja-

cent ones of said support rods and in close proxim-
ity to said delay line, said projections extending to
a point which is spaced from said delay line in the

. range of 0.02 to 0.15 A,, and said projections eX-
tending mn the axial direction a distance in the
range of 0.1 to 0.3 A,, where A, is the shortened
wave length on said delay line.

18. The traveling wave tube of claim 17, comprising

at least one conductor extending between and elec-
trically connecting an inner coaxial conductor with
the respective end of said helical delay line.

19. The traveling wave tube of claim 17, wherein
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each of said projections includes a darkened surface said projections comprises two such projections ex-
facing said delay line to absorb heat radiated by tending on each side of one of said support rods

‘and contacting each of said support rods, and
the connections of said inner coaxial conductors and
- said delay line are at 180" with respect to said one

said delay line.

20. The traveling wave tube of claim 17 wherein
each of said matching components is arcuate shaped S

support rod.
:::ill T':;Hcila g:;;? lr;::;rounds the IreSpectwe end :Of 23. The improved travelmg wave tube accordmg to
21. The travel; tube of cl | 17, | claim 1, wherein said matching component does not
e traveling wave tube of claim comprlsmg surround the outermost turn of said delay line helix.
spot weld connections securing said arms of said |, 24 The traveling wave tube of claim 8, wherein
matching components to the respective first and “said matching component does not surround the
second surfaces. ' : ~ outermost turn of said delay line helix.
22. The traveling wave tube Of clalm 17 wherem 28, The traveling wave tube of claim 17, wherein
said plurality of dielectric support rods comprises said -matching component ‘does not surround the
three such rods spaced apart 120° about said heli- 15 - outermost turn of said delay line helix.

cal delay line, DL I I
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